medium (28) supplemented with 10 mM glucose (FMCG). In the (p)ppGpp 0 strain, 690 genes 186 were differentially expressed when compared to OG1RF (Table S1 , p < 0.05, 2-fold cutoff), 187 representing ~ 27% of the entire E. faecalis OG1RF genome. In agreement with a previous 188 microarray analysis (14) , multiple PTS systems as well as citrate, glycerol, malate and serine 189 utilization pathways were strongly induced in the (p)ppGpp 0 strain under these conditions. A 190 selected and representative number of dysregulated transport and metabolic genes in the 191 (p)ppGpp 0 strain are shown, respectively, in Tables 1 and 2. The upregulation of alternate 192 carbon metabolism genes that are expected to be under carbon catabolite repression (CCR) in 193 the glucose-rich condition of the FMCG medium indicates that complete lack of (p)ppGpp places 194 E. faecalis in what we have originally termed a "transcriptionally-relaxed" state (14) . When 195 compared to the parent strain, 737 genes (~ 29% of entire genome) were differentially 196 expressed in the (p)ppGpp 0 ΔcodY triple mutant strain (Table S2 , p < 0.05, 2-fold cutoff). Despite 197 the even large number of differentially expressed genes, inactivation of codY in the (p)ppGpp 0 198 background strain normalized transcription of 274 genes that were dysregulated in the 199 (p)ppGpp 0 background (Table S3 ). The great majority (~ 95%) of these genes were upregulated 200 in the (p)ppGpp 0 strain, supporting that deletion of codY abrogates, at least in part, the 201 "transcriptionally-relaxed" state of the (p)ppGpp 0 mutant. More specifically, inactivation of codY 202 in the (p)ppGpp 0 background normalized transcription (or brought to levels much closer to the 203 parent strain) of ~ 70 transport systems as well as over 130 metabolic genes including citrate, processes directly relevant to enterococcal CAUTI, we compared the transcriptional profile of 212 these virulence factors in parent and mutant strains. In brief, quantitative real-time PCR (qPCR) 213 was used to compare expression of selected genes in exponentially-grown BHI cultures of 214 OG1RF, ΔcodY, (p)ppGpp 0 and (p)ppGpp 0 ΔcodY strains before and after switching to pooled urine appears to be dependent on CodY, ebpA and mntH2 transcription was differentially 219 impacted by (p)ppGpp and CodY. Specifically, while inactivation of CodY (ΔcodY) limited 220 induction of these genes after transition to urine, loss of (p)ppGpp induced transcription of ebpA 221 and mntH2 by ~ 10-fold. Simultaneous inactivation of codY in the (p)ppGpp 0 background 222 [(p)ppGpp 0 ΔcodY] modestly raised ebpA but fully restored mntH2 mRNA levels ( Fig. 4 ).
223
We also assessed transcription levels of genes coding for enzymes involved in c-di-AMP 224 metabolism, a nucleotide second messenger essential for osmotic stress survival and whose 225 regulatory network appears to be intertwined with the (p)ppGpp regulatory network in other 226 bacteria (30-34). In the OG1RF strain, transcription of the c-di-AMP cyclase cdaA was not 227 significantly altered upon transition from BHI to urine; however, transcription of both c-di-AMP 228 hydrolases (pde and gdpP) was induced by  50-to 100-fold, respectively ( Fig. 4 ). While 229 induction of gdpP was dependent on CodY, activation of pde in urine was not as robust in all 230 mutants strains. Unexpectedly, cdaA transcription was strongly induced ( 50-fold) in the previous findings that changes in basal levels of (p)ppGpp contribute to the virulence of E. 240 faecalis (10, 11, 13, 15, 17) pathways were strongly upregulated in the (p)ppGpp 0 strain but not in the (p)ppGpp 0 ΔcodY regulatory systems restores CAUTI virulence and partially restores in vitro biofilm formation to 262 near parent strain levels (Fig 1. and Fig. 3 ). Considering that the levels of the surface protein
263
EbpA was not altered in any of the mutant strains ( Fig. 3 ), we propose that (p)ppGpp and CodY 264 promote biofilm formation on urinary catheters by mediating the metabolic rearrangements 265 required for biofilm growth and survival in urine. In fact, a comparative transcriptome analysis 266 reveals that several metabolic pathways previously identified as relevant to enterococcal 267 adaptation to growth in urine (38) overlap with the (p)ppGpp and CodY regulons (13, 14, 20) .
268
For example, transcriptional activation of alternate carbon utilization and amino acid 269 biosynthesis/transport genes in response to the relatively low urinary concentrations of amino Table 1 and Table 2 ) (13, 14, 20) .
272
In an attempt to identify specific (p)ppGpp-and CodY-regulated processes that are 
301
By comparing the genes restored by codY inactivation in our RNA-Seq analysis (Table   302 S1, Table 1 and Table 2) were diluted 1:20 in 5 ml of fresh sterile BHI and allowed to grow statically at 37°C to an OD 600 358 of 0.5. The bacterial cells were washed twice with PBS (pH 7.0) and pelleted down by a 10 min incubation at room temperature, cells were centrifuged at 4000 rpm for 30 min at 4°C, Glycerol uptake + 11.0 (*) Values represent fold-change in transcription when compared to the parent strain. All values 
471
The parent strain OG1RF and its derivatives were inoculated into the bladder of mice 472 immediately after catheter implantation (n = 10). After 72 hours, animals were euthanized and 
490
Fibrinogen-coated 96-well polystyrene plates were incubated with E. faecalis strains for 48 491 hours in human urine supplemented with 20 mg ml -1 BSA. Plates were stained with 0.5% crystal 492 violet, which was subsequently dissolved with 33% acetic acid and absorbance at 595 nm was 512   Table S1 . List of genes differentially expressed in the (p)ppGpp 0 strain in comparison to the 513 parent OG1RF strain (p ≤ 0.05, 2-fold cutoff). Table S2 . List of genes differentially expressed in the triple mutant codY(p)ppGpp 0 strain in 515 comparison to the parent OG1RF strain (p ≤ 0.05, 2-fold cutoff). Table S3 . Side by side comparison of linear fold-change of selected genes in the (p)ppGpp 0 517 strain and triple mutant codY(p)ppGpp 0 strain in comparison to the parent OG1RF strain. 
514
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